Superoxide reductase from Desulfoarculus baarsii: identification of protonation steps in the enzymatic mechanism.
Superoxide reductase (SOR) is a metalloenzyme that catalyzes the reduction of O2*- to H2O2 and provides an antioxidant mechanism in some anaerobic and microaerophilic bacteria. Its active site contains an unusual mononuclear ferrous center (center II). Protonation processes are essential for the reaction catalyzed by SOR, since two protons are required for the formation of H2O2. We have investigated the acido-basic and pH dependence of the redox properties of the active site of SOR from Desulfoarculus baarsii, both in the absence and in the presence of O2*-. In the absence of O2*-, the reduction potential and the absorption spectrum of the iron center II exhibit a pH transition. This is consistent with the presence of a base (BH) in close proximity to the iron center which modulates its reduction properties. Studies of mutants of the closest charged residues to the iron center II (E47A and K48I) show that neither of these residues are the base responsible for the pH transitions. However, they both interact with this base and modulate its pKa value. By pulse radiolysis, we confirm that the reaction of SOR with O2*- involves two reaction intermediates that were characterized by their absorption spectra. The precise step of the catalytic cycle in which one protonation takes place was identified. The formation of the first reaction intermediate, from a bimolecular reaction of SOR with O2*-, does not involve proton transfer as a rate-limiting step, since the rate constant k1 does not vary between pH 5 and pH 9.5. On the other hand, the rate constant k2 for the formation of the second reaction intermediate is proportional to the H+ concentration in solution, suggesting that the proton arises directly from the solvent. In fact, BH, E47, and K48 have no role in this step. This is consistent with the first intermediate being an iron(III)-peroxo species and the second one being an iron(III)-hydroperoxo species. We propose that BH may be involved in the second protonation process corresponding to the release of H2O2 from the iron(III)-hydroperoxo species.